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EDITOR'S NOTE

This FY 1982 Annual Progress report is a general review of research activities
of the U. S. Army Medical Research Institute of Infectious Diseases, Fort Detrick,
Frederick, MD, conducted on Medical Defense Against Biological Warfare Agents (U)
under Projects 3M161102BSI0, 3MI61102BS10, and 3MI62770A870 and In-House Laboratory
Independent Research, Project 3AI61101A91C.

In conducting the research described in this report, the investigators adhered
to the "Guide for Laboratory Animal Facilities and Care," as promulgated by the
Comnittee on the Guide for Laboratory Animal Care of the Institute of Laboratory
Animal Resources, National Academy of Sciences-National Research Council. The
facilities are fully accredited by the American Association for Accreditation of
Laboratory Animal Care.
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FOREWORD

I. USAMRIID's MISSION
,- The formal mission tasking USAMRIID reads as follows:

Perform studies on the pathogenesis, diagnosis, prophylaxis, treatment, and
epidemiology of naturally occurring infectious diseases of military importance with
emphasis on problems associated with the medical defense against biological agents
od on those microorganisms which require special containment facilities. "Y 'cv-0 f

_-Bry-VDoudiTrTttvV and further Army guidance, USAMRIID performs its Biological
" . Agent Medical Defense research in support of the needs of the three services. This

K mission, and all work done at USAMRIID, is in keeping with the spirit and letter of
both of President Nixon's 1969 and 1970 Executive Orders renouncing the use of
biological and toxin weapons, and the U.N. Convention (Against) . . .
Bacteriological (Biological) and Toxin Weapons . . . of 1972.

II. DISSEMINATION OF INFORMATION:

All work conducted at USAMRIID is unclassified. Results are published in
peer-reviewed scientific literature, when accepted, as well as in annual reports.
Oral and poster session presentations are given at meetings of numerous national and
international scientific societies. Results of value to organizations outside the
U. S. Department of Defense are shared willingly, in the hope that such sharing will
result in additional information on the validity of scientific results or the
efficacy of new products, such as vaccines, other biologicals, or drugs. Numerous
intra-U. S. and internatiozual collaborations exist and are encouraged to expand.
USAMRIID established an Office of Technology Transfer during FY 82 in order to fully
implement the Stevenson-Wydler Technology Innovation Act of 1980. USAMRIID prints a
cumulative bibliography of published articles, which may be obtained by a request to
the Editor, USAMRIID, Fort Detrick, Maryland 21701.

III. THE STRATEGY OF THE PROGRAM:

A. The program rests on the judgment that both natural infectious diseases
and potential biological warfare threat# exist which could seriously interfere with
the functions of U.S. forces. The first requirement for constructing the USAMRIID
program is to arrive at an assessment as to which microbial and toxin agents are the
highest priority threats. Those agents for which existing medical defenses are
adequate are set aside. Those agents being addressed by other agencies within the
U.S. or elsewhere are likewise set aside. From the refined list the available
resources are applied in priority derived from considerations of the severity of
their threat and the scientific feasibility of developing improved medical defenses
against the agent.

B. The microorganisms or toxins being addressed (* - highest priority) or

used in comparative studies during the period of this report were:

Bacterial Organisms

B. anthracis* and other Bacillus species
F. tularensis
L. pneumophilia
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S, pneumoniae
S. typhimurium
P. multocida

.B bronchosaptica
V. parahemolytica
S. typhi
S. somnei

Vi.ra l Organisms

Lass fever virus*Sii Ebola favor virus*

"Korean hemorrhagic fever virus* (Hantaan)
Rift Valley fever virus*
Bolivian hemorrhagic fever virus (Machupo)

..4'.Argentinian hemorrhagic fever virus* (Junin)
Dengue fever virus
Congo/Crimean hemorrhagic fever virus*
Sandfly fever virub
Eastern equine encephalitis virue

.. Venezuelan equine encephalot-yelitis virus
EasteJapanese encephalitis virus
"-Chikungunya virus

'4Pichnde virus
Yellow fever virus
Keystone virus

"' Influenza virus

"Punto Toro virus
Vesicular stomatitis virus
Lymphocytic chorioneningitis virus
MHozambique virus
Marburg virus
Semliki forest virus

:.. West Nile virus
't'• Benzi virus

Rickettsial Organisms

C. burnetii

i• ,'.,• Parasitic Organisms

•' ,•'.• P. falciparum

• • " T o x in_ _ s

% .- Diptheria
Botulinum A-G*, including C2
Anthrax toxins*
T-2 and related tricothecene mycotoxinse*
Saxitoxin*
Tetrodotoxin
Staphylococcal enterotoxin

Beta-bungarotoxin

A1
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IV. Goals

For each of the agents being addressed, the goals are:

A. Pathogenesis: Sufficient knowledge must be gathered concerning the
biology of the agent and the responses of the infected or intoxicated host
(generally in animal models) to provide a basis for progress in the applied goals
listed below. Useful cell cultures, organ cultures, and a variety of laboratory
animal models must be developed and exploited for the insight they can provide on
the pathogenic processes in man, because information is limited for many of the
human diseases of concern. Epidemiologic studies are conducted to gain insights
into the transmissibility of these diseases.

B. Improved Diagnosis: Because the choice of medical interventions for
either the prevention or the treatment of infectious/toxic disease can only be
optimized when the precise infecting/intoxicating agent is known, the ability to
make a rapid and sprcific identification of the causative agent is an important
component of a system for medical defense. Ideally, there should be the capability
to confirm the identity of organisms isolated from the environment, or to detect
the antigen in appropriate clinical samples taken early in the course of disease. It
is also important to detect antibodies from clinical patients in late illness or
convalescence. The technology requirements should be suitable for use throughout
the military medical system, including field facilities operating with austere
resources. Not only oust the threat agents of major concern be identified, but
those more common agents which must be considered in a full (.±fferential diagnosis
must also be identified with equal specificity.

C. Prevention: Immunization is the most effective, conveient, and
economical means to reduce the impact from infectious disease on military forces.
This goal, then, commands nearly half of USAMRIID's resources. The bulk of this
effort is devoted to preliminary or feasibility studies in laboratory animals. Only
a few vaccines are in the immediate preclinical stages of development. A sizeable
number of FDA-approved Investigational vaccines are being used to protect laboratory
personnel. Vaccine development is expected to continue as a major USAMRtID theme,
since technological advances often allow the improvement of vaccines which were once
state-of-the-art accomplishments. The application of modern biology to vaccine
development is presenting opportunities and challenges not foreseen a few years
earlier. Passive immunization, active immunization using killed or living
attenuated whole agent, or immunization with sub-unit antigens achieved by older or
newer molecular methods are options which mist be evaluated comparatively for each
disease, to arrive at the optimum immunizing method for military forces in various
scenarios.

D. Treatment: An unexpected disease outbreak can preenpt the opportunity to
use prevetition, Treatment then becomes the majo: medical means to limit damage to
the individual and to maintain military force effectiveness. For many of the
diseases of concern to USAMRIID, specific treatments which will reverse pathology
have not yet been developed. Therefore, treatment 2trategy mist consist of optimal
supportive care to give the host defenses sufficient time to respond and eliminate
the disease or toxemic insult. For these reasons, research on improving treatments
at USAMRIID has emphasis on developing new specific treatments and on maximizing the
effectiveness of supportive care of the infected or toxemic patient.
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"V. SUMMARY OF TRENDS IN FY 82

A. Since many programs at USAMRIID are multidisciplinary and carried out by
multiple investigators in shifting cor.sortia over several years, the material
covered by this annual report may give only a fragmentary insight of the overall
program and its progress. In the following sections, trends and accomplishments are
"highlighted.

B. General Progress Highlights during FY 82: FY 1982 was a highly productive
and eventful year for USAHRIID, with its res&&rch program producing much new
data. The success of the overall USAMRIID program during FY 82 is indicated by the
selection of the Institute as the 1982 Winner of the Army "Laboratory of the Year
Award" and the First Place Award in the 1982 Army "In-House Laboratory Independent
Research" competition. USAMRIID had previously won each of these awards in 1978.

".. The major realignments and shifts of program emphasis described in FY 81
(in response to USAMRDC guidance, SPEC/SPF guidelines and emerging inforf. tion on BW

* •. activity in Southeast Asia) were fully implemented in FY 82. Much research progress
emerged from the new studies on anthrax and the low molecular weight toxins. The
study of field samples collected in Africa, Asia and South America became an
effective seroepidemiology program. New diagnostic methods for numerous
microorganisms and toxins were devised using ELISA methodology and the production of
new diagnostic reagents included monoclonal antibodies. However, a consolidated and
unified procedure for all field laboratory diagnostic attempts has not as yet been
defined.

C. Research areas given added emphasis during FY 82:

The program initiated to study tricothecene, marine, and other low
Smolecular weight toxins was expanded to its full operational capacity, and wes

supported by a new and integrated research contract program.

The anthrax program also achieved broad operational function, focused on
exploiting the FY 81 discovery at USAMRIID of toxin-controlling placaids, and the
introduction of recombinant DNA tecbnologies for the first cloning of the protective
antigen gene.

The basic virology program was expanded. It reached the functional
•• capacity to do oligonucleotide mapping and fingerprinting of key arenaviruses,

bunyaviruses and closely related species.

.-. The antiviral drug program increased its capabilities for screening to
"identify promising new compounds and for defining their unique mechanisms of
antiviral activity.

The diagnostic program continued to expand with the production of new
monoclonal and polyclonal antibcdies, purified antigens, analytic technologies, and
the comparative testing of readout instruments.

The epidemiology effort expanded overall, with added emphasis being placed
on identifying, a) the geographical extent of antibodies to llantaan-like viruses in

•• rodent species, b) the possible insect and mammalian reservoirs of important African
viruses, and c) the over-wintering mechanisms of insect-borne viruses.

• °%
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Additional emphasis was also placed to determine why some inactivated
vaccines may not afford protection against crganisms delivered via an aerosol in
contrast to the protection provided by attenuated vaccines.

D. Research Areas completed or given reduced efforts in FY 82:

USAMRIID work on the Legionella and Legionella-like bacteria is virtually
complete. Planned work on the molecular characterization of Staphylococcal
enterotoxin C and other staphylococcal exoproteins has been completed, as las work
on the diphtheria and pseudomonas exotoxins. Some aspects of the in-house antiviral
drug screening program are being transferred to research contracts.

E. List of significant accomplishments for FY 82:

1. USAMRIID was selected as winner of the Laboratory of The Year Award
in competition with all other U.S. Army laboratories.

2. USAMRIID was selected as the top Army laboratory in the ILIR
competition for the FY 82 Award.

3. A total of 49 research papers was published in 1982.

4. A newly renovated area was opened to house the Animal Resources
Division and its normal laboratory animals.

5. A new teaching Course entitled "Medical Defense Against BW and Highly
Commun-cable and Infectious Agents" was developed. This was presented a) for senior
tri-service physicians specialized in infectious diseases &nd preventive medicine;
b) for senior medical personnel involved in Rapid Deployment Force planning; c) and
for Air Force residents in Preventive Medicine. This Course has now been listed in
Cir 40-82-5 as a formal PPSCP Courses to be held in future years.

6. The NRC/NAS Postdoctoral Research Fellowship Program continued to
expand at USAMRIID, with 10 Fellows participating in FY 82.

7. The expanded research program on anthrax included researchers from
five different divisions. The edema factor (EF) shown in FY 81 to be an adenylate
cyclase was further characterized and found to resemble maumallian cyclase quite
closely. Additional studies were done oa the anthrax plasmid (discovered at
USAMRIID in FY 81) to determine how plasmids from various strains controlled
exotoxin production. The protective antigen (PA) coding gene was localized in the
plasmid and, using recombinant DNA technology, was successfully cloned into an M.
coli. Ncn-PA components of the Anthrax bacillus were identified and tested for-
inmunogenicity. New diagnostic and cultural measures were devised and tested.
Phagocytic and bactericidal mechanisms were subjected to initial studies at the
molecular level.

8. The expanded trichothecene research program was highly productive,
completing studies on laboratory safety, decontamination procedures, a variety of
detection methods, quantitative toxicity and pathophysiology in several animal
models. In vivo toxin distribution, mechanisma of action, prophylaxis and therapy
studies, and aerosol susceptibility studies also began. Initiai studies emphasized
T-2, but related mycotoxins are now being incorporated into the program.
Considerable data concerning mechanisms of T-2 action were produced using cultured
cells.
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9. Studies initiated on the low molecular weight marine toxins included
laboratory safety, detection methods, whole enimal toxicity, and therapy.

10. Progress was made in toxoiding mechodologies and in the molecular
chnracterization of botulinum neurotoxins. Type E toxoid was tested in volunteers.
Nerve cell cultures and synaptosomes were used for studying the molecular aspects of
neurotoxin action.

il. In collaboration with contractors, fractionation methods were used to
create a supply of human pentavalent botulinum IgG for therapeutic use, and a pool
of despeciated septavalent equine origin F(ab) 2 antibodies, also for therapeutic
use*

12. New neurophysiology laboratory studies demonstrated differences among
the botulinum neurotoxins and discovered some synergism between experimental drugs

., used to restore nerve transmission.

df, 13. The primary amino acid sequence of Staphylococcal enterocoxin Cl was•" defined.

WC 14. An additional 78 potential antiviral drugs were evaluated in an in
"vitro screening program against Rift Valley fever, VEE, Pichinde, sandfly fever,
vesicular stomatitis, and yellow fever viruses.

15. Didemnins (compounds isolated from mrine tunicates) were introduced
N into the in vitro antiviral drug screening program and shown effective against

- ertain militarily important viruses.

drug, 16. The reversible hematological toxicity in monkeys of an antiviral

.drug, ribavirin, was shown to involve both diminished red cell production and
. n:reased red cell destruction.

0 17. Entomology program studies have attempted to elucidate the vector
potential and taxonomy of suspected arthropod vectors of Rift Valley fever virus.
Several Egyptian mosquito species were shown to transmit the virus, but none could
pass it transovarially. Species of sandf lies or midges were not found to be
candidates for field transmission. Field studies were initiated to extend these
studies of RVF virus transmission in Kenya, and of ZEE virus transmission in the
Pocomoke swamp in Virginia.

18. Pathogenesis of Junin virus infection of guinea pigs was studied
after aerosol exposure. Inbred guinea pigs were also used to study the role of
"T-cells, complement, antibodies, immunosuppression and antiviral drugs on the
pathogenesis of disease.

19. Pichinde virus infections in Strain-13 guinea pigs were used as a
model for studying hemorrhagic viral diseases, with emphasis on coagulation system
changes, cardiovascular decompensation, and other inchanisms of disease progression.

20. Additional studies wure done to characterize the disease process,
S, immune response, epidemiologic spread, and virus culture methods for Ebola virus.

I,



21. Lassa virus strains and antibody responses were characterized in
great detail. The slow-forming neutralizing antibody has protective efficacy,
especially against geographically similar strains, and can be concentrated
effectively to increase the titer. A naturally attenuated Mozambique virus provides
cross protection in animal models and thus becomes a condidate for a live virus
vaccine.

22. Oligonucleotide mapping was used as a technique for estimating
homology between dengue virus strains and for the preliminary characterization of
Junin virus RNA.

23. Multiple purified samples of M segment RNA were prepared from RVF
virus and sent to a contractor for gene cloning. A DNA clone has been isolated
which appears to code for a portion of one RVF virus coat protein; this initial
success suggests that it will be possible to produce a cloned sub-segment RVF
vaccine.

24. The internalszation of certain viruses into cells was shown to
require Initial binding to cell receptors. Virus was then transported sequentially
into nonlysosomal and lysosomal vesicles. Lysosomal enzymes eventually functioned
in viral uncoating before viral replication could begin.

25. The causative virus (Hantaan) of Korean hemorrhagic fever was
purified, its electroa microscopic appearance was characterized, and the virions
were shown to coatain three separate and unique RNA species and at least 2
resolvable proteins. A plaque assay was standardized for this virus.

26. Rat s@ram and tissues from many parts of the world were demonstrated
to have antibody titers against Hantaan virus.

27. The production and comparison of various RVF virus strains and other
viral antigens and antibodies was initiated for use with diagnostic ELISA methods.
Testing time was reduced from 3 days to 1.

28. The use of 6 0 Cobclt irradiation was investigated for inactivation of
viruses to be used as antigens in rapid diagnostic tests.

29. In continued studies, the chemiluminescent response of human
neutrophiles wss used as a relatively sensitive bioassay for identifyinX certain
becteria by a rapid technique for laboratory (rather than field) use. Ucterial
cheailuminescent responses proved relatively nonsensitive for identifying
trichothecene toxicity.

30. Additional studies were conducted in =an on the imwmno'ogical
response to killed OF! vaccine. Serum samples and virus strains from different
geographic areas were tested and interrelated.

31. Seed stocks of chikungunys virus were developed and tested to obtain
a genetically stable new strain with growth characteristics suitable for vaccine
production.

L
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32. A search was initiated for new rodent models to improve the
standardization of Q fever vaccines. Inbred mouse lines are receiving further
study. Studies were continued on the Phase I antigen of C. burnetli to separate the
"protective components from those which cause adverse vaccine reactions. The amino
acid, sugar, and lipid components were quantified.

33. The effectiveness of living-attenuated vaccines versus killed vaccine
preparations for protecting animals against aerosol challenge was studied for VEE
and anthrax.

34. Aerosol risk-assessment studies failed to define differences in the
"guinea pig model which could explain the pathogenesis of "pneumonic" versus
"Pontiac-fever" forms of Legionella irfections in man.

35. The toxin produced by Legionella and Legionella-like bacteria was
studied for its effects on phagocyte function.

eaa 36. Studies were conducted in several different animal model systems to
evaluate the interrelationships between physical exercise and infectious illness.
In general, physical cond..tioning prior to infection appeared to improve host
resistance, while acute infections consistently impaired physical performance
capabilities. Bacterial and viral infection caused different responses on skeletal
and cardiac muscle functions aad chemistry. The effects of exhaustive exercise on
the infectious process also differed depending on the etiology of the infection.

37. Endocrine responses and hormone-induced changes during infection
focused upon growth hormone, prolactin, adrenal glucocorticoids and especially the
role of insulin and its cell-sarface receptors.

38. A jacket-and-tether system, permitting long-term intravenous
Infusions in monkeys, was used further for testing various combinations of
intravenous nutrients with altered energy and amino acid content for their efficacy
in treating model infections.

39. Studies were continued in volunteers to test new antimalarial drugs
against resistant species, and in other volunteers to gather further data on

4 FDA-approved investigational vaccines.

VI. EXM&RA."flAL RESEARCH:

Whila this report deals principally with USAMRIID's in-house effort, total
program progress is the result of the combination of the in-house effort augmented
and uupplemented by efforts by contractors from academia and industry. Individual
contractor's research is synopsized in reports which are filed with the Defense
Technical Information Center (DTIC). A list of contracts In placo during PY 82 is
included as Appendix C. Readers desiring specific contract report should make
request to DTIC.
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VII. QUESTIONS:

Questions or comments about this report are welcomed and may be addressed
to:

Commander
USAMRIID
Fort Detrick
Frederick, Maryland 21701

\,
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BODY OF REPORT

Project No. 3M161102BS10: Military Disease, Injury and Health Hazards (U)

Work Unit No. S10 AN 200: Characterization of Microbial Toxins of
Potential BW Importance (U)

Background:

Toxic proteins play an important role in the pathogenesis of many bacterial
infections. Cholera, diphtheria and botulism are examples of bacterial disease in
which the bacterial toxin is solely responsible for the clinical symptoms. There
are other examples such as Pseudomonas, E. coli and anthrax where protein toxins are
apparently involved but their degree of importance is not firmly established.
Clearly, in all such diseases, successful treatment and/or prevention of the disease
must deal somehow with the toxin.

With certain microbial toxins, there is also a concern with their use as BW
agents. Botulinum toxin for example, is one of the most poisonous substances known
to man. Moreover, it is a relatively easy task to prepare large quantities of the
toxin making its potential use a real threat. Likewise, the staphyloccocal
enterotoxins are potential BW agents and could be obtained without too much effort
or technology. Recent events in Southeast Asia have led to a growing concern that
certain small molecular weight toxins have or may be employed as BW agents. These
revelations have resulted in a considerable scientific effort by USAMRIID in which
"we have played a small role.

"The principal function of this work unit is to study and characterize microbial
toxins with an ultimate aim towards the development of protective measures. To meet
this goal we are employing a two-pronged approach. First, we are studying several
of those toxins proven to be potential BW agents as regards structure, mechanisms of
action, etc. Secondly, based on a large amount of evidence that most protein toxins
have several common features to their mechanisms of action, we have employed a well
"characterized model (diphtheria toxin) to study certain basic questions, the answers
to which we believe would have major impacts on our efforts with the accepted BW
"agents.

.4 Progress:

1. Botulinum toxin. Two nerve cell lines, PC12 (rat pheochromocytoma) and
NG108-15 (mouse neuroblastoma X rat glioma hybrid) were chosen for the botulinum
toxin (Botx) project based upon their ability to release acetycholine (ACh) and form
synapses analagous to those at neuromuscular junctions. Cultured cell lines are the

U only system currently available that provide sufficient homogeneous cholinergic
* material for biochemical studies of toxin mode of action. Earlier studies of ACh

release in response to stimuli employed U-shaped tubes which are unsuitable for our
purposes; it was necessary to adapt the ACh release assay to 24-well culture
plates. Poly-l-lysine enhanced adhesion of the cells to the plates and allowed
vigorous washing of the wells without significant cell loss. Acetylcholine release
was determined by selective extraction of tritiated ACh from the cell supernatant
and subsequent liquid scintillation techniquas. Serum "factors" substantially
influence ACh release, complicating this portion of the study. We now screen sera
prior to ordering and supplement sera with controlled concentrations (50 ng!ml) of

7-)
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